Objective: To evaluate symptomatic and haemodynamic results of transcoronary ablation of septal hypertrophy for hypertrophic obstructive cardiomyopathy in elderly patients. Setting: Tertiary referral centre for patients with hypertrophic obstructive cardiomyopathy. Design: Retrospective study of two groups of consecutive patients divided at a median age (59 years). Patients: Transcoronary ablation of septal hypertrophy was compared for 80 patients (group 1) , 60 years of age and 77 patients (group 2) > 60 years of age. At baseline both groups were similar concerning the proportion of familial hypertrophic cardiomyopathy, concomitant moderate hypertension, prior syncope, left ventricular outflow obstruction, left ventricular end diastolic pressure, and left ventricular ejection fraction. Patients in group 2 had a lower interventricular septal thickness and more severe disease as measured by New York Heart Association (NYHA) functional class, exercise capacity, pulmonary artery mean pressure at workload, and cardiac index at peak exercise. Results: Median follow up was seven months after transcoronary ablation of septal hypertrophy. Both groups had a significant and similar improvement in basal and provokable obstruction, septal thickness, NYHA functional class, exercise tolerance, peak oxygen consumption, and pulmonary artery mean pressure at workload. Significant differences, compared with the younger group, were a higher proportion of persistent total atrioventricular block (5% v 17%, p = 0.015) and a slight decrease in left ventricular ejection fraction (3 (12) v 26 (11)%, p = 0.001) in the elderly, despite a trend to a lower induced peak creatine kinase activity (596 (339) v 491 (331) U/l, p = 0.051). Conclusions: Short term results with transcoronary ablation of septal hypertrophy suggest that independent of a patient's age similar treatment strategies are justified in hypertrophic obstructive cardiomyopathy.
In recent years, transcoronary ablation of septal hypertrophy by selective transcatheter septal branch injection of ethanol has been shown to reduce substantially outflow obstruction in 80-90% and symptoms in 84-90% of patients. [9] [10] [11] [12] [13] [14] [15] [16] [17] Therefore, transcoronary ablation of septal hypertrophy may be an effective alternative to surgery. [18] [19] [20] [21] [22] [23] [24] [25] However, it remains a point of debate whether treatment of the elderly should be the same as for hypertrophic obstructive cardiomyopathy in young and middle aged patients. 3 26-31 ''Benign'' processes associated with aging may contribute to the development of hypertrophic cardiomyopathy in the elderly, as opposed to more ''malignant'' processes that may be responsible for the development of idiopathic hypertrophy in younger patients. On the other hand, within the elderly group, there are those with severe disease who appear to have an adverse prognosis. 29 Therefore, in older patients with severe symptoms a catheter intervention may be promising, since many of them may not be suitable candidates for surgery. 11 The purpose of the present study was to compare the feasibility, clinical benefit, and short term results of transcoronary ablation of septal hypertrophy in two groups of consecutive patients: patients with hypertrophic obstructive cardiomyopathy, drug refractory severe symptoms, and , 60 years of age (group 1); and patients with a similar clinical profile but > 60 years of age (group 2).
METHODS

Patients
The study comprised 157 consecutive patients (76 men) with hypertrophic obstructive cardiomyopathy who were treated by transcoronary ablation of septal hypertrophy at our institution between October 1995 and November 1999. The average (SD) age was 56 (16) years. None of the patients had significant coronary artery disease at the time of intervention. All patients had hypertrophic cardiomyopathy with subaortic obstruction based on typical clinical, echocardiographic, and angiocardiographic findings. Entry criteria included severe symptoms during daily activity, asymmetrical septal hypertrophy > 15 mm, systolic anterior motion of the mitral valve, and an intraventricular pressure gradient > 30 mm Hg in basal conditions or after provocation by a single premature ventricular beat (> 50 mm Hg after two premature beats). Despite maximally tolerated doses of medical treatment with verapamil or b blockers in all patients and additional diuretics in 35 patients (at the time of hospitalisation and at least three months before), 12 patients were in New York Heart Association (NYHA) functional class IV, 117 in class III, and 28 in class II (treated for severe chest pain, symptomatic arrhythmias, syncope, or severe fatigue during daily activities). Permanent atrioventricular sequential pacing had failed to reduce symptoms in 14 patients. Syncope had occurred in 48 patients (31%) and ventricular fibrillation in two. Concomitant systemic hypertension (. 160/95 mm Hg despite medical treatment for hypertrophic obstructive cardiomyopathy) was known in 11 patients. The mean (SD) septal thickness was 22 (4) mm. The invasively measured mean (SD) resting gradient was 55 (42) mm Hg, the mean post-extrasystolic gradient was 147 (50) mm Hg, and the mean left ventricular end diastolic pressure was 20 (6) mm Hg. Family members were not systematically investigated. However, genetic transmission of the disease was evident by virtue of the history or echocardiographic documentation in 37 patients.
According to median age at baseline (59 years) the 157 study patients were divided into two groups. Group 1 consisted of 80 patients younger than 60 years of age and group 2 consisted of 77 patients who were 60 years of age or older (table 1) .
The institutional review committee approved the study. All patients gave written informed consent.
Investigations
Clinical evaluation of the severity of symptoms, transthoracic echocardiography, and left and exercise right heart catheterisation were performed before transcoronary ablation of septal hypertrophy and at a median follow up of seven months (range 6-51 months) after the procedure. Exercise Doppler echocardiography was substituted for the invasive strategy for re-evaluation of the left ventricular outflow tract gradient in the last 51 consecutive patients. Patients' self perception of overall improvement was evaluated with a questionnaire that categorises the subjective feeling of wellbeing as improved, unchanged, or deteriorated.
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Transthoracic echocardiography was performed on an HP Sonos 1500 ultrasound machine and recorded on S-VHS video to allow serial review and side by side comparison of the studies. Basal interventricular septum thickness was derived from an integrated analysis of M mode and two dimensional echocardiograms. Measurements were made according to the recommendations of the American Society of Echocardiography. 32 Two dimensional echocardiographic images were obtained in the parasternal long and short axis views and apical two and four chamber views. The magnitude of the peak instantaneous left ventricular outflow tract gradient under basal conditions and during exercise was estimated with continuous wave Doppler. 33 Exercise right heart catheterisation was performed with a 5 French Swan-Ganz catheter and a calibrated Statham P23ID strain gauge manometer. The catheter remained in the pulmonary artery for continuous monitoring of pulmonary artery pressures and to obtain blood samples for the calculation of cardiac output by the direct Fick method. Oxygen uptake was measured with use of a Vmax system 29c (SensorMedics Germany GmbH). Supine bicycle exercise was performed from an initial workload of 25 W to a maximum capacity with stepwise increases by 25 W every three minutes.
Coronary angiography and biplane ventriculography (30r ight anterior oblique and left lateral projections) were performed by standard techniques. Quantitative calculation of the left ventricular ejection fraction was based on a single plane 30˚right anterior oblique view.
Transcoronary ablation of septal hypertrophy was based on an ''over the wire'' percutaneous transluminal coronary angioplasty (PTCA) technique and has been described in detail. 11 12 A PTCA guiding catheter (6 or 7 French), a guide wire (0.014 inch), and a PTCA balloon catheter (diameter 1.5-2.5 mm, length 20 mm) were used for the catheterisation of a small septal branch supplying the area of obstruction. The target vessel was identified by a functional approach that relies on the ischaemia induced decrease in outflow obstruction immediately after balloon inflation (300-800 kPa, also to prevent reflux of ethanol). The injection of radiographic contrast agent through the balloon catheter augments ischaemia and should be accompanied by a further decrease in outflow gradient if the target vessel has been correctly identified. Radiographic contrast agent also visualises the flow characteristics and the washout kinetics in the septal perforator artery. Furthermore, it marks the dimension of the myocardial area to be ablated. This pressure guided and angiography guided approach directs the application of ethanol (mean (SD) 3.2 (2.1) ml) to a myocardial area that contributes to the outflow obstruction. Furthermore, it facilitates adaptation of the speed and amount of ethanol injected to the flow characteristics and the washout kinetics in the septal target vessel. 11 21 25 Pressure was recorded continuously between a pigtail catheter at the apex of the left ventricle and the PTCA guiding catheter placed in the ostium of the left coronary artery. The outflow gradient (peak to peak) at rest and after provocation by stimulated ventricular extrasystoles (fixed coupling interval 370 ms) were recorded. A right ventricular stimulation catheter was inserted to facilitate reproducible measurement of the post-extrasystolic gradient and to treat high grade atrioventricular block, which may develop during ethanol ablation of septal branches. 11 14 25 Post-procedural management included a right ventricular stimulation catheter and continuous ECG monitoring in the coronary care unit for up to four days. Creatine kinase (CK) activity was determined at hourly intervals during the first 24 hours. Heparin was administered by continuous intravenous infusion to reduce the risk of thrombus formation at the septal ablation site. Medical treatment with verapamil or b blockers was continued during follow up for the initial 50 patients but was individualised (to treat supraventricular arrhythmias) afterwards. 11 25 Statistical analysis Data processing and statistical analyses were performed with commercial software (SPSS release 6.0.1; SPSS Inc, Chicago, Illinois, USA) with the Pearson x 2 test for unordered categorical variables and the Mann-Whitney Wilcoxon test for ordered categorical variables. Student's t test for paired and independent samples was used for normally distributed continuous variables and the Mann-Whitney Wilcoxon test was used for non-normally distributed continuous variables. A probability value of p , 0.05 (two tailed) was considered significant. Values are expressed as mean (SD).
RESULTS
Baseline characteristics
Compared with group 1 (, 60 years of age, mean (SD) 44 (11) years, n = 80), group 2 (> 60 years of age, 69 (5) years, n = 77) had a significant female preponderance and patients had significantly lower basal interventricular septal thickness and a significantly higher NYHA functional class (table 1) . Also, dyspnoea at rest occurred significantly more often in group 2 patients (2.5% v 13%, p = 0.013), since 10 of 12 patients treated for NYHA functional class IV were > 60 years of age.
Exercise right heart catheterisation was performed in 75 of the patients in group 1 and in 69 of those in group 2. Group 2 patients had a significantly lower exercise capacity, maximum oxygen consumption, and cardiac index at peak exercise, as well as a significantly higher pulmonary artery mean pressure at workload. However, after adjustment for age and sex the maximum oxygen consumption as a percentage of the predicted value was not significantly different between the age groups. Group 1 and 2 patients were similar with respect to familial hypertrophic cardiomyopathy, concomitant moderate hypertension, and the incidence of prior syncope and DDD pacemaker implantation for hypertrophic obstructive cardiomyopathy. By left heart catheterisation both groups were similar with respect to resting and provokable outflow obstruction, left ventricular end diastolic pressure, and left ventricular ejection fraction.
Transcoronary ablation of septal hypertrophy
In group 2 patients the risk of a procedure related persistent total atrioventricular block and the proportion of pacemaker implantation were significantly higher, even though the peak CK activity values tended to be lower than in group 1 patients (table 2) . Both groups were similar with respect to the amount of ethanol 96% injected, the proportion of reinterventions (performed to eliminate provokable outflow obstruction completely as early as 8-12 days after a partially effective first procedure), 11 and the number of septal vessels occluded in each patient.
Complications
Two patients in group 1 and two patients in group 2, all with known severe comorbidity, died during the first two weeks after transcoronary ablation of septal hypertrophy (fig 1) . Therefore, the procedure related in-hospital mortality was similar and not significantly different between the groups (2.5% v 2.6%, p = 0.969). Causes of death were irreversible ventricular fibrillation (n = 1) and progressive right heart failure (n = 1) in group 1, and sudden total atrioventricular block (n = 1) and penetration of a pacing lead with acute pericardial effusion (n = 1) in group 2. However, three of these four patients (one from group 1 and two from group 2) belonged to a first series of patients who were treated with this new technique before September 1997. 11 21 Other major complications (two in group 1 and three in group 2) were also similar and not significantly different between the groups (2.5% v 3.9%, p = 0.618). In detail, the major complications were a severe but reversible spasm of the left coronary artery 34 in two patients in group 1, and an ischaemic stroke (n = 1), recurrent successfully terminated ventricular fibrillation (n = 1), and a successful myectomy with mitral valve replacement after failure of transcoronary ablation of septal hypertrophy (n = 1) in group 2. All of these nine patients (four with in-hospital mortality and five with other major complications) were in NYHA functional class III (n = 6) or IV (n = 3) and presented with a resting gradient > 30 mm Hg.
Late death
In group 1 a 31 year old woman had a witnessed instantaneous sudden death during an episode of severe emotional stress six months after intervention. Before transcoronary ablation of septal hypertrophy she had syncope, frequent ventricular extrasystoles, a subaortic septal thickness of 30 mm, and a resting gradient of 72 mm Hg ( fig 1A) . In group 2 five patients (6.5%) died of non-cardiac causes (carcinoma in two patients, pulmonary embolism, liver cirrhosis, suicide), reflecting the high number of patients who were enrolled despite known severe comorbidity ( fig 1B) .
Effect of transcoronary ablation of septal hypertrophy
Clinical evaluation
A median of seven months (mean (SD) 10 (8) months, range 6-51 months) after transcoronary ablation of septal hypertrophy clinical follow up was 100% complete for all patients remaining alive (n = 147), excluding one patient with myectomy (n = 146). Clinical evaluation was obtained in 77 patients ,60 years of age (100%) and in 69 patients >60 years of age (100%). No significant differences were found between the two groups with respect to the magnitude of the improvement in NYHA functional class and the reported overall subjective improvement of symptoms (table 3) . In group 1, all 77 patients (100%) improved to class I (n = 51) or II (n = 26) ( fig 1A) . In group 2, 61 patients (88%) improved to class I (n = 29) or II (n = 32) and three patients (4%) improved from class IV to class III. Five patients remained in class III (fig 1B) .
Haemodynamic function at rest
A median of seven months (mean 7 (3) months, range 6-26 months) after transcoronary ablation of septal hypertrophy, haemodynamic function at rest (88% complete follow up) was evaluated invasively (n = 77) or by exercise Doppler echocardiography (n = 51) in 70 group 1 patients (91%) and in 58 group 2 patients (84%). A significant decrease in left ventricular ejection fraction was found exclusively in patients who were 60 years of age or older, whereas group 1 patients had a small but not significant increase in left ventricular ejection fraction. The reduction in left ventricular ejection fraction was significantly correlated to patient age (r = 0.4, p = 0.001). No significant differences were found between the two groups with respect to the proportional reduction of the resting gradient, provokable gradient, and left ventricular end diastolic pressure. In groups 1 and 2 a similar and significant decrease of the resting gradient, provokable gradient, and left ventricular end diastolic pressure was found. By echocardiography the proportional reduction of the mean basal interventricular . Cardiac and total mortality (in hospital and during follow up) were 3.8% and 3.8%, respectively, of patients , 60 years of age versus 2.6% and 9.1%, respectively, of patients > 60 years of age. TASH, transcoronary ablation of septal hypertrophy.
septal thickness was similar and significant in both groups (table 3) .
Exercise right heart catheterisation
A median of seven months after transcoronary ablation of septal hypertrophy (mean (SD) 7 (3) months, range 6-26 months) exercise right heart catheterisation (79% complete follow up) was performed in 67 group 1 patients (87%) and in 48 group 2 patients (70%). No significant differences were found between the groups with respect to the proportional improvement in exercise capacity, maximum oxygen consumption, pulmonary artery mean pressure at workload, and cardiac index at peak exercise (table 3) . In group 1, as well as in group 2, significant improvements in exercise capacity, maximum oxygen consumption, and pulmonary artery mean pressure at workload were identified. Group 1 patients, in addition, had a significant increase in cardiac index at peak exercise. Patients with (79%) and without (21%) re-evaluation of exercise right heart catheterisation (because of severe comorbidity, age, or a lack of informed consent) had a similar and significant improvement in NYHA functional class (21.4 (0.6) v 21.3 (0.7), p = 0.604).
DISCUSSION
Although it is often considered a disease of the young, hypertrophic obstructive cardiomyopathy is commonly diagnosed in the elderly. Studies have also indicated that this condition may be more common in older patients than is generally recognised, supporting the notion that the elderly may be a large and neglected subset of patients with hypertrophic obstructive cardiomyopathy. Whiting and colleagues 35 reported that 32% of patients presenting with hypertrophic cardiomyopathy were . 60 years of age, and in a community hospital based series published by Petrin and Tavel, 36 83% of patients were . 50 years of age. Krasnow and Stein 37 described 23 new cases of hypertrophic cardiomyopathy with 20 of the patients over the age of 50 years and 15 of these patients over the age of 60 years. Likewise, in a study by Lever and colleagues 27 hypertrophic cardiomyopathy was more commonly diagnosed in patients > 65 years of age than in those , 40 years of age. Nevertheless, most information about the pathophysiology, natural history, and treatment options of hypertrophic cardiomyopathy are derived from young and middle aged patients. Whether the disease takes the same form in the elderly, has the same pathophysiology, has the same genetic basis, or carries the same prognosis has not been clarified. 26 27 38 39 Fay and colleagues 29 reported that elderly patients presenting with NYHA functional class I or II had a survival rate not different from that of control subjects and only 18% progressed to NYHA functional class III or IV during a 4.2 year follow up. Elderly patients presenting with NYHA functional class III or IV had a one year mortality of 36%, which was significantly higher than that of control subjects. 29 Lewis and Maron 28 followed up the clinical course of 52 severely symptomatic elderly patients (50 of 52 patients in NYHA functional class III or IV) with hypertrophic cardiomyopathy and found a high incidence of symptom progression and need for surgical myectomy.
In view of this, within the elderly group there are those with severe disease, categorised on the basis of symptoms and echocardiographic features of increased ventricular septal thickness and left atrial size, who appear to have an adverse prognosis. 29 Particularly in older patients with severe symptoms a catheter intervention may be promising, since many of them may not be suitable candidates for surgery. 11 According to median age at baseline (59 years), the present study compares the effects of transcoronary ablation of septal hypertrophy in consecutive patients with hypertrophic Table 3 Effects of TASH at a median follow up period of seven months 19 (6) 14 (4) 223 ( 23 (4) 12 (4) 246 ( 93 (30) 112 (32) 23 ( (30) 75 (28) 33 (48) 53 (13) 59 (16) 13 ( (17) 56 (15) 19 ( obstructive cardiomyopathy, drug refractory severe symptoms and ,60 years of age, and in patients with a similar clinical profile but >60 years of age. Even in our group of patients > 60 years of age the baseline characteristics argued in favour of an idiopathic myocardial disease such as hypertrophic obstructive cardiomyopathy. Both age groups were similar and not significantly different concerning the proportion of familial hypertrophic cardiomyopathy, the prevalence of concomitant moderate hypertension, the incidence of prior syncope and the invasive measurements of left ventricular outflow obstruction (under basal and provokable conditions), left ventricular end diastolic pressure, and left ventricular ejection fraction. Since the lower exercise capacity in the elderly can be easily explained by their age and comorbidity, the remarkable and significant differences between the younger and the older patients were more severe dyspnoea at exertion, higher pulmonary artery mean pressure at workload, and significantly lower cardiac index at peak exercise in patients > 60 years of age. Even dyspnoea at rest was more frequently observed in the elderly, since 10 out of 12 patients treated for NYHA functional class IV were > 60 years of age.
Despite the argument that hypertrophic cardiomyopathy may develop in various age groups as a consequence of different pathological processes, 29 our results support the use of similar treatment strategies in patients , 60 years of age and in patients > 60 years of age. Transcoronary ablation of septal hypertrophy was equally effective in the elderly with respect to the reduction in outflow obstruction, subaortic septal thickness, and left ventricular end diastolic pressure. An almost identical proportion of patients , 60 (91%) and > 60 years of age (94%) reported a subjective improvement. With respect to the improvement in NYHA functional class, exercise capacity, maximum oxygen consumption, pulmonary artery mean pressure at workload, and cardiac index at peak exercise, no significant differences were observed between the age groups.
The symptomatic and haemodynamic benefits in the elderly were accompanied by a slight but significant decrease in left ventricular ejection fraction that was not observed in the younger patients. Hypercontractility, characterised by an enhanced posterior excursion of the septum 28 and more vigorous contractions remote from the area of ablation, persists to some degree in patients , 60 years of age, despite an otherwise successful transcoronary ablation of septal hypertrophy and a tendency to higher induced peak CK activity. A further difference between the younger and the older patients was a significantly higher proportion of persistent total atrioventricular block (5% v 17%) in the group of patients > 60 years of age. This may be explained by a higher intrinsic risk of total atrioventricular block in the elderly, since the ablation area tended to be smaller as estimated by a trend to a lower induced peak CK activity in the elderly. 12 With regard to technical aspects (amount of ethanol injected, number of septal vessels occluded, and reinterventions performed), the catheter intervention appeared to be identical in both age groups.
Unlike surgical experience, in this study the procedure related early mortality and major complication rate were not influenced by patient age. In the elderly a lower basal interventricular septal thickness and a lower amount of ethanol injected may have counterbalanced the usually higher interventional risk of advanced age and may have influenced the problem of procedure related sustained ventricular arrhythmias during follow up. The arrhythmogenic risk of transcoronary ablation of septal hypertrophy depends on lesion size 11 and may be reduced substantially in older patients with a lower burden of hypertrophy, who can be effectively treated by a lower induced peak CK activity. 12 40 In elderly patients with symptomatic subaortic septal thickening, their disease may be related in part to hypertensive hypertrophy. 26 However, there appears to be little evidence to support a consistent aetiological role for hypertension in the present study group. Only 9% of the elderly patients had evidence of moderate hypertension and blood pressure increases were well controlled by medical treatment. When the elderly group was subdivided into those with and those without hypertension, no significant differences existed between the groups concerning gradient reduction, relief of symptoms, and improvement of exercise haemodynamic variables. Furthermore, left ventricular outflow tract obstruction due to systolic anterior motion of the mitral valve, which was present in our study patients, is exceedingly uncommon in systemic hypertension. 28 Nevertheless, it should be emphasised that our patients were a selected subgroup of severely symptomatic elderly patients with hypertrophic cardiomyopathy and are not representative of all patients > 60 years of age with this disease. Therefore, the results obtained should not be translated to patients with mild symptoms, effective medical treatment, or less objective substantiation of alterations in exercise haemodynamic variables.
Conclusion
Our present short term results with transcoronary ablation of septal hypertrophy suggest that, independent of patient age, similar treatment strategies are justified for severely symptomatic patients with hypertrophic obstructive cardiomyopathy. 
